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This invention relates to removing deposits from fuel 
and air intake systems and from combustion chambers 
of internal combustion engines. ‘ 
The formation of gummy deposits on parts of internal} 

combustion engine fuel and air intake systems is an 
important problem affecting efficient engine operation. 
The formation of these deposits in a carburetor, for ex 
ample, can cause sticking of the automatic choke, plug 
ging of the air bleeds, fouling of the venturi, restriction 
of idle air ?ow around the throttle blades, and other 
conditions which adversely affect engine operating effi 
ciency. The formation of deposits in jet engine fuel 
systems causes ?lter plugging and other operational dif? 
culties. 
The formation of carbonaceous deposits on surfaces 

in the engine combustion chambers is also an important 
problem affecting both spark ignition and compression 
ignition engines. Combustion chamber deposits cause 
increased engine wear, preignition and engine knocking, 
and increase the octane requirement of an engine. 
Now,~in accordance with the present invention, the 

accumulation of deposits in engine fuel and air intake 
systems and in engine combustion chambers is reduced 
by contacting these deposits with a cyclic carbonate in 
ner ester such as propylene carbonate. The cyclic car 
bonate inner ester loosens and dissolves engine deposits 
and enables the deposits to be exhausted from the engine. 

Cyclic carbonate inner esters which are used in this 
invention have the formula: 

where each R is hydrogen or a hydrocarbon group. The 
hydrocarbon groups can. be alkyl, aryl, aralkyl, and 
alkaryl groups preferably having about 1-15 carbon atoms 
per group. Cyclic carbonate esters having fewer carbon 
atoms are generally more effective in reducing deposit 
accumulation than are esters having more carbon atoms. 
It is preferred that the total carbon atoms in the hydro 
carbon substituent groups not exceed about 15. The use 
of propylene carbonate is especially preferred in carrying 
out the invention. Speci?c examples of other cyclic car 
bonate inner esters which can be used are ethylene car 
bonate, butylene carbonates, amylene carbonates,.phenyl 
ethylene carbonate, and the like. Mixtures of cyclic 
carbonate inner esters can be used in the invention. 
The present invention can be carried out in several 

different ways. In one speci?c practice of the invention, 
a cyclic carbonate inner ester, e.g., propylene carbonate, 
is incorporated in internal combustion engine fuel. Dur 
ing subsequent engine operation, the esters contact and 
remove deposits, thus providing for continuous deposit 
removal during engine operation- In another practice of 
the invention, the cyclic carbonate inner esters alone or 
together with an organic solvent are used periodically 
in servicing the engine to remove deposits.‘ Other meth 
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ods for contacting engine deposits with cyclic carbonate 
inner esters can be employed. ' 

In a speci?c embodiment of this invention, the novel 
deposit removing esters are directly incorporated in fuel 
used in an engine. Spark ignition engine fuels includ 
ing jet engine fuels and compression ignition engine fuels 
can be treated. In this embodiment, a cyclic carbonate 
inner ester as above described, e.g., propylene carbonate, 
is incorporated in internal combustion engine fuel'in 
small but su?icient amount to lessen engine deposit ac 
cumulation. Usually use of the carbonate ester in 
amount in the range of about 0.01% to 5% by volume 
of the fuel and preferably 0.05% to 2% gives good re‘ 
sults. Amounts outside this range can be used, how 
ever. ' 

‘The fuel to which the carbonate inner ester is added 
is preferably spark ignition engine fuel comprising a 
mixture of gasoline hydrocarbons boiling in the range 
of about 80° F. to 440° F. and usually about 90° F. 
to 400° F. 7' However, the carbonate esters can also be 
added to diesel engine fuel comprising hydrocarbons boil 
ing in the range of about 400° F. to 750° F.,‘ and to 
jet engine fuels comprising hydrocarbons boiling in the 
range of about 100° F. to 600° F. The fuels used in 
this embodiment of the invention can contain, in addi 
tion to the cyclic carbonate inner esters, any of the fuel 
additives commonly used in the art such as tetraethyl 
lead, iron carbonyl, bis-cyclopentadienyl iron, scavengers, 
detergents, inhibitors, and the like. ‘ 

In this embodiment of the invention, when the fuel 
containing the cyclic carbonate inner ester is used in an 
engine, the ester continuously contacts deposits which 
are on fuel intake surfaces and combustion chamber sur-‘ 
faces during engine operation. The inner ester dissolves 
and loosens these deposits thus enabling the deposits to 
be exhausted from the engine. "In this way, the accumu 
lation‘of engine deposits is reduced in this embodiment 
of the invention. ' ‘ 

The addition of the cyclic carbonate inner esters to 
engine fuels has an additional advantage. The cyclic 
esters are fairly viscous and high boiling, and they give 
a measure of added‘ lubricity to the fuel when incor 
porated therein. Upon introduction into engine com 
bustion chambers with the fuel,‘ the esters act as upper 
cylinder lubricants as well as deposit removers. 

In a second embodiment of the invention, engines are 
periodically serviced to remove deposits by the addition 
of the cyclic carbonate inner esters, e.g., propylene car 
bonate, to the air intake passage of the engine. This 
embodiment of the invention is especially suitable for 
cleaning carburetors of carbureted engines. 

In this embodiment of the invention, the cyclic car 
bonate ester can be added singly to the air intake of the 
engine. However, in preferred practice of the inven 

_ tion, the carbonate ester is used in admixture with a less 
viscous organic solvent which improves the penetration 
of the cyclic ester. 

Cyclic carbonate inner esters are ‘fairly viscous liquids 
with high surface tension. Propylene carbonate, for 
example, has a kinematic viscosity at 100° F. of 1.68 
centistokes and a surface tension of 43.4 dynes per cm. 
at 68° F. In practice of this embodiment of the inven 
tion, it is often desirable to remove deposited material 
from relatively cool portions of the engine, e.g., from 
the upper portions of the carburetor air born. In order 
to insure high deposit removal from these engine parts, 
it is usually desirable to lessen the viscosity and surface 
tension of the cyclic ester thereby to improve the ester 
penetration by using it in admixture with less viscous 
liquid. 

Fairly inert liquids such as light hydrocarbons can be 
used to lessen the viscosity of the carbonate ester. How 
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ever, it is preferred to use polar organic liquids which 
themselves have some solvent activity towards engine 
deposits. It is especially desirable to use liquids with the 
cyclic carbonate esters which are substantially lower boil 
ing than the cyclic esters. These last liquids improve 
the penetration of the cyclic esters in cool parts of the 
engine such as the carburetor,.while in the hot parts such 
as around the valve stems and piston rings, the low boil 
ing liquids evaporate and separate from the cyclic esters 
thereby improving the lubricity of the cyclic esters where 
it is most needed. Mixtures of more than one liquid can 
be used to improve the penetration of the cyclic carbonate 
esters. Examples of such liquids which can be used in this 
embodiment of the invention with the carbonate esters 
are hydrocarbons such as pentane and hexane; alcohols 
such as ethanol, propanol, isopropanol and butanol; es 
te'i's such as methyl acetate, ethyl acetate, propyl acetate, 
and isopropyl ‘acetate; ethers such as ethylene glycol 
mono ethyl ether, ethylene glycol mono methyl ether and 
ethylene ‘glycol mono propyl ether; and the like. 
When these liquids are used with the cyclic carbonate 

esters, the esters should be used in deposit removing 
amounts, i.e., in amount Sll?lClBIlt to effectively remove 
deposits. Usually it is preferred to maintain the carbon 
ate ester concentration at at least about 20% by volume 
in order to insure high deposit removal e?iciency. A 
solvent formulation which has been found to give es 
pecially good deposit removal comprises by volume 25 
60% propylene carbonate, 40-70% ethyl acetate, and 2 
20% ethylene glycol mono ethyl ether. 

In carrying out this embodiment of the invention, de 
posits are removed from an engine periodically by add 
ing the deposit removing formulations to the engine air 
intake passage while the engine is running. The engine 
can then be turned o?’ for a short time during which the 
cycled ester loosens and dissolves deposits. The engine 
can then be restarted and run to exhaust the deposits 
from the engine. A convenient method for introducing 
the deposit removing formulations into the intake pas 
sage comprises ejecting the formulations from a squeeze 
bottle of polyethylene or other plastic or from a pres 
surized can. 

In another practice of the invention, cyclic carbonate 
inner esters can be introduced into engine combustion 
chambers by removing the spark plugs and introducing 
the esters therein through apparatus normally occupied 
by the spark plugs. Subsequently, the engine is started 
and run to exhaust deposits which are dissolved and 
loosened by the cyclic esters from the engine. 
The following examples illustrate the invention. 

Example I 

Propylene carbonate is incorporated in amount of 0.5% 
by volume in gasoline hydrocarbons which boil in the 
range of about 90° F. to 400° F. This formulation, 
when used as fuel in a spark ignition engine, reduces the 
accumulation of deposited material in the fuel intake sys 
tem and in the engine combustion chambersv 
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Example 11 

A novel deposit removing formulation was prepared 
which comprised by volume 40% propylene carbonate, 
55% ethyl acetate, and 5% ethylene glycol mono ethyl 
ether. This formulation had a kinematic viscosity at 100° 
F. of 0.82 centistoke and a surface tension of 30.2 dynes 
per cm. at 68° F., and thus had high penetration as com 
pared to the propylene carbonate ‘alone which has kine 
matic viscosity at 100° F. of 1.68 and surface tension of 
43.4 dyncs per cm. at 68° F. The novel formulation was 
used to remove deposits from a 1954 Buick engine which 
had been operated for about 29,000 miles. The Buick 
had an initial research octane requirement of about 92 
numbers. About 400 cc. of the novel deposit removing 
formulation was introduced into the engine air intake 
breather pipe while the engine Was idling. The engine 
was then stopped for about 15 minutes to allow the formu 
lation to dissolve and loosen deposits. After this soak 
ing period, the engine was started up and the car was 
driven for about 5 miles to insure complete exhausting 
of removed deposits from the engine. The octant re 
quirement of the engine was then found to be about 90 
numbers. Thus, practice of the present invention resulted 
in removal of engine deposits as evidenced by the octane 
requirement reduction of about 2 numbers. 

I claim: 
1. A solvent composition for the removal of engine 

deposits consisting essentially of from about 40 to 70% 
by volume ethyl acetate, from about 2 to 20% ethylene 
glycol monoethyl ether, and from about 25 to 60% of a 
cyclic carbonate inner ester having the formula: 

RzC-O 

C=O 

R: —O/ 
in which R is selected from the group consisting of hy 
drogen and alkyl, aryl, aralkyl, and alkaryl hydrocarbon 
groups having from 1 to 15 carbon atoms per group. 

2. Solvent composition for the removal of engine de 
posits consisting essentially of by volume: about 40—70% 
ethyl acetate, about 2—20% ethylene glycol mono ethyl 
ether, and about 25-60% propylene carbonate. 

3. Solvent composition for the removal of engine de 
posits consisting essentially of by volume about 55% 
ethyl acetate, 5% ethylene glycol mono ethyl ether and 
40% propylene carbonate. 
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